Chemical investigations of the Australian marine sponge Ecionemia geodides resulted in the isolation of two new pyridoacridine alkaloids, ecionines A (1) and B (2), along with the previously isolated marine natural products, biemnadin (3) and meridine (4). Compounds 1 and 2 both contain an imine moiety, which is rare for the pyridoacridine structure class. The chemical structures of 1 and 2 were determined by extensive 1D and 2D NMR, and MS data analyses. All compounds were tested against a panel of human bladder cancer cell lines, the increasingly metastatic TSU-Pr1 series (TSU-Pr1, TSU-Pr1-B1 and TSU-Pr1-B2) and the superficial bladder cancer cell line 5637.
Introduction
Marine sponges often produce secondary metabolites for such uses as predator deterrents, settlement cues, and as anti-fouling agents.
1,2 As such, marine sponges have proven to be a rich source of bioactive natural products, many of which have been shown to be active towards numerous human therapeutic targets. One particular scientific area in which sponge metabolites have played a major role is cancer research. 3 Examples of cytotoxic sponge-derived metabolites include tedanolide C (HCT-116, IC 50 95 nM), 4 peloruside A (P388, IC 50 18 nM), 5 renieramycin J (P388, IC 50 0.53 nM), 6 jaspamide M (MCF-7, IC 50 100 nM), 7 and microcionamide A (SKBR-3, IC 50 95 nM). 8 As part of our continuing efforts to discover new anticancer natural products from
Australian marine organisms, we decided to undertake a detailed chemical analysis of the hitherto underinvestigated sponge, Ecionemia geodides (family Ancorinidae). Sponges belonging to the family Ancorinidae have yielded several biologically active compounds, examples of which include the MT1-matrix metalloproteinase inhibitor ancorinoside A (Ancorina sp.), 9,10 the potent actomyosin ATPase activator, 11 penaresidin A (Penares sp.), and schulzeines A-C (Penares schulzei), which inhibits α-glucosidase with IC 50 values between 48 and 170 nM. 12 However, no chemistry has been reported from sponges belonging to the genus Ecionemia.
This paper reports the isolation and structure elucidation of two new pyridoacridine alkaloids, which we have named ecionines A (1) and B (2), as well as the known compounds biemnadin (3) 13 and meridine (4) 14 ( Figure 1 ). The cytotoxicity of 1-4 towards the metastatic human bladder cancer cell line TSU-Pr1 series (TSU-Pr1, TSU-Pr1-B1 and TSU-Pr1-B2), and the superficial bladder cancer cell line 5637, is also reported.
Results and discussion
The freeze-dried and ground E. geodides was exhaustively extracted with sequential washes of These data suggested that 1 belonged to the pyridoacridine structure class. 11.12 showed HMBC correlations to C-8a (δ C 99.0) and C-7a (δ C 142.5), which suggested that it was part of an imine group attached to C-8. COSY and ROESY correlations between these two exchangeable signals (δ H 11.12 and 10.83) allowed the proton at δ H 10.83 to be placed at position 7.
Hence, structure 1 was assigned to ecionine A.
Compound 1 possesses the 11H-pyrido[4,3,2-mn]acridine skeleton (5) 2 that has been identified in a number of marine natural products including meridine, 14 ascididemin, 15 and amphimedine. 17 The only reported natural product pyridoacridine possessing an imine moiety is the anemone pigment calliactine (6). 18 Synthetic studies on 6 confirmed the structure of this unique pyridoacridine. [19] [20] [21] [22] The synthetic compound, 11-hydroxy-10-imino-10H-benzo[i]quino[2,3,4-kl]acridine (7), also possesses an imine substituted pyridoacridine skeleton. 
25,26
The TFA salt of ecionine B (2) was isolated as a light brown solid. Compound 2 was assigned the molecular formula C 18 H 13 N 4 O 2 on the basis of HRESIMS and NMR data. The NMR data for 2 (Table 1) was very similar to that of 1; the only major differences between the 1 H NMR spectra of 1 and 2 were that the latter had an extra exchangeable proton at δ H 10.61, and was missing one aromatic proton. Following 1D and 2D data analysis it was possible to construct the same pyridoacridine skeleton as 1 (Figure 3 ). The extra exchangeable proton at δ H 10.61 was assigned to a hydroxyl group at C-1, as it showed HMBC correlations to C-1 (δ C 155.8), C-2 (δ C 115.1) and C-13a (δ C 133.5) (Figure 3 ). The chemical shift of C-1 (δ C 155.1), and the observed bathochromic shift seen in the UV spectrum of 2 on the addition of base, provided further proof of the phenol. Hence structure 2 was assigned to ecionine B.
The previously isolated marine natural products, biemnadin and meridine, were assigned to compounds 3 and 4, respectively, after spectroscopic data comparison with literature values.
13,14
Compounds 1-4 all belong to the pyridoacridine class of natural products. Pyridoacridines are often cytotoxic, a trait that has been attributed to their DNA binding abilities. series (TSU-Pr1, TSU-Pr1-B1 and TSU-Pr1-B2) 34 and the superficial bladder cancer cell line 5637 are reported in Table 2 μM induced cell death in 22% cells), but had no effect on TSU-Pr1 cells at the screening concentrations used in this study. The cytotoxicity data in Table 2 identifies these Ecionemia -derived compounds as having specific toxicity profiles against the four human bladder cancer cell lines used in these investigations.
In conclusion, this is the first report of chemistry from the sponge genus Ecionemia, and ecionines A and B are only the second and third examples, respectively, of imine substituted natural product pyridoacridines. Milli-Q PF filtered.
Animal Material.
The sponge E. geodides was collected by SCUBA (-10 m) in Moorina Bay, Tasmania, Australia, during April of 2002, and kept frozen prior to freeze-drying and extraction. A voucher sample (G319669) has been lodged at the Queensland Museum, South Brisbane, Australia.
Extraction and Isolation.
The freeze-dried and ground sponge (68 g) was poured into a conical flask (1 L), n-hexane (250 mL) was added and the flask was shaken at 200 rpm for 2 h. The n-hexane extract was filtered under gravity then discarded. CH 2 Cl 2 :CH 3 OH (4:1, 250 mL) was added to the de-fatted sponge material in the conical flask and shaken at 200 rpm for 2 h. The resulting extract was filtered under gravity, and set aside. CH 3 OH (250 mL) was added and the CH 3 OH/sponge mixture was shaken for a further 2 h at 200 rpm. Following gravity filtration, the sponge material was extracted with another volume of CH 3 OH (250 mL), while being shaken at 200 rpm for 16 h. All CH 2 Cl 2 /CH 3 OH extractions were combined and dried under reduced pressure to yield a light brown solid (6.3 g).
This crude extract was pre-adsorbed onto Betasil C 18 silica (~ 6 g), packed into a stainless steel cartridge (25 mm × 50 mm), and subjected to preparative HPLC using a C 18 Betasil column (50 mm Fractions 30 and 32 contained the TFA salts of ecionines A (1, 23.7 mg, 0.035% dry wt) and B (2, 5.1 mg, 0.008% dry wt), respectively. Fraction 2 (18.1 mg) from the preparative separation was also further fractionated using identical C 18 HPLC conditions to those detailed above, and 1 H NMR analysis of all UV-active peaks resulted in the identification of the two previously reported natural products, biemnadin (3, 1.8 mg, 0.003% dry wt) and meridine (4, 11.3 mg, 0.016% dry wt), which were both isolated as TFA salts. 
TFA salt of ecionine A (1)

Cytotoxicity Assays.
TSU-Pr1, TSU-Pr1-B1, TSU-Pr1-B2 and 5637 bladder cancer cell lines were routinely cultured in Dulbecco's Modified Eagles medium (Gibco) supplemented with 5% foetal bovine serum (ICP Biologicals). Cells were split from flasks using 0.25% trypsin (Gibco) and plated into 96-well black walled/clear bottom plates (Costar) at a density of 5000 cells per well in 100 μL of medium. Medium was removed prior to addition of compound. All compounds were initially solubilised in DMSO. Compounds were diluted, along with DMSO (negative control, 0.1% working concentration), media (negative control), doxorubicin (positive control, 1 µM working concentration), in media (to obtain a working concentration of 0.1% DMSO v/v) before 100 μL of each dilution was transferred into the cell plate. Concentration response curves were constructed using 5 concentrations of each compound, and each treatment was performed in duplicate. Each assay was repeated 2-3 times. Cells were incubated with each compound for 24 h at 37 ºC, 95% humidity, 5% CO 2 . Cells were examined and images collected for analysis using a Cellomics
Arrayscan following incubation with fluorescent dyes Yo-Pro-1 (Invitrogen) and Hoechst 33342 (Invitrogen). Hoechst 33342 staining was used to determine total cell number, and Yo-Pro-1 positivity was used to quantitate IC 50 values.
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